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Current Grid 

Limited Market Control – Demands are Inelastic, Limited Electricity Storage 
~ 70% Electricity from Central Coal Plants – CO2 Emissions 

Cannot Sustain High Renewable Supply and Contigencies 



Future: Supply (Wind) and Elastic Demands Vary at Higher Frequencies 

Anticipating Weather and Loads is Critical -Avoid Ramping Constraints- 

Wind 
Ramps 

Lack of Anticipation = Market Volatility (Price Spikes), Vulnerability 



Next-Generation Grid 

Major Adoption of  Renewables -30%- 
Prices + Storage Critical (PHEVs, Compressed Air, Batteries) = Fast Ramping    

Key Observation of This Talk: Chemical Industry Can Exploit Material Inventories    



Major Adoption of  Renewables -30%- 
Industry Accounts for 20-25% of U.S. Electricity Demand, 30% of Natural Gas   
Electricity = Pumping, Refrigeration, Lighting, Natural Gas = Steam, Reforming 





ISO	  

GENCO	  1	  
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U+lity	  1	  

U+lity	  C	  

- GENCOs and Utilities Bid in Day-Ahead and Real-Time Markets  
- ISO Clears Markets To Maximize Social Welfare 
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Day-Ahead = Forward Contracts (Bulk, Coal)  ||  Real-Time = Corrections (Ramp, Gas) 
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Consumers Producers 

Poor Forecast of Renewables and Loads = Real-Time Price Volatility 



Supply Function-Based Dynamic Game Models Kannan & Zavala., 2010 

  - Effect of Physical Constraints on Market Stability 

Horizon 
Generators 

Price 

Ramping Constraints Make Prices Volatile || Ramping Capacity is an Asset in Smart-grid   



U+lity	  
Company	  

Price taking:  Day-Ahead, Real-Time, Demand-Charge (High Uncertainty) 
Bidding: Plan Day-Ahead Demands & Track Profile (Less Uncertainty for Utility & Site) 

Chemical Industry: From Price-Taker to Bidder 

Noble & Morari, 2010 (Steel Plant) Baumrucker & Biegler, 2010 (Piping) 
Chemical Sites are Large Consumers  Can Exert Market Power on Utilities 
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Incentives Increasing with Demand-Response Programs 





Collabora+ve	  Project:	  Argonne-‐Building	  IQ	  
“Proac+ve	  Energy	  Management	  for	  Building	  Systems”	  

Mike	  Zimmermann,	  Tom	  Celinski,	  Peter	  Dickinson	  (BIQ),	  and	  Victor	  M.	  Zavala	  (ANL)	  



Electricity Chilled Water 
External Air  
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VAV Boxes 

CO2 Heat 
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Thermostat 

Sources of Unnecessary Demands: 
  - Sensor Placement -Temperature, Humidity, CO2- (Perceived vs. Actual Temperature) 
  - Unnecessary External Air Conditioning (Reuse Return Air as Much as Possible) 
  - Equipment Operated at Low Efficiencies (Fans, VAV Boxes, Boilers, Chillers) 

Air-‐Handling	  Unit	  (AHU)	  
Cooling	  Load:	  Air	  Volume	  +	  Delivery	  Temperature	  
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Coordinate Demands and Quantify Shedding Potential in Real-Time (Demand-Response) 

Shedding Potential Limited (Limited Storage) = Sacrifice Comfort, Exploit Occupancy  
Coordination Enables Running Central Boiler and Chillers at High Efficiency 

Central	  EMS	  
Max	  Site	  Profit	  



Weather	  Condi+ons	  

Set-‐Points	  

Energy	  Demands	  

Zone	  Temperatures	  

Comfort	  Levels	  

•  Real-Time Planning Problem with Machine Learning Model  
Solved Every 10 Minutes, Foresight of 2-24 Hours 
Quantify Electricity Demand as Function of Building Conditions 
Building Model Re-Trained Daily 

•  Trade-Off:  Comfort vs. Energy Demands  vs. CO2 emissions 

Machine	  Learning	  Model	  

Humidity,	  CO2	  

Inputs	  

Outputs	  

•  Exploit Sensor Information:  Occupant Tracking, Disaggregate Demands 
                                                      Capture Spatio-Temporal Variations 

Building	  System	  



Energy (CO2) Savings of 20-45% from AHUs Demands 

Key: Relax Comfort in Unoccupied Spaces, Exploit Weather Forecast to Delay AHU Start 

Testing in Large Commercial Building at Argonne:  
-  700 Occupants, Floor Space 200,000 sq. ft, 7 Air-Handling Units,  Computing 

Delay AHU Start 

Night 
Drift 

Night 
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•  Solves Nonlinear Optimal Control Problem with Machine Learning Model 
Solved Every 10 Minutes, Forecast of 2 Hours 
Building Model Re-Trained Daily 
Machine Learning Modeling for Large-Scale and Cheap Deployment   

•  Trade-Off:  Human Comfort vs. Energy Cost  vs. CO2 emissions 

Occupant Tracking, TCS Building at Argonne Skow, Domagala, Cattlet. 2010 



Need to Assess Loads as Functions of Production Levels and Weather 
Need to Manage Risk in Day-Ahead and Real-Time Bidding 
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Disaggregate Electricity Metering (Plant by Plant)  Discover Demand Behavior  

Site Utilities 
(Electricity, Steam, Chillers) 

Inventories Provide a Unique Opportunity to Exert Market Power – Fast Load Shedding 
   - Mechanism to Mitigate Inventory Costs = Inventory as an Asset 

Need Coordination of RTOs & Site-Wide Planning = Who Manages Energy? (Conflicting) 
  - Status of Site-Wide RTO, RTO for Utilities? 



Coordinate RTOs to Operate Boilers and Chillers at High Efficiencies 
 - Saves Energy (Not Only Cost) and Emissions 
 - Shift Local RTOs Objectives to Central Efficiency Objective 

30% 

Start-Ups Highly Inefficient! 



Opportunities for Retrofitting Generation 
    - Bid in Real-Time Market, Fuel Cells 

Decentralize Demand Charges 
    -  Function of Quantity (Nonlinear Cost) 
    -  Decentralized Utilities 
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